This study was conducted with the objective of evaluating the gas exchanges and production components of colored-fiber cotton as a function of irrigation with water of different saline levels and nitrogen (N) doses. The experiment was carried out in drainage lysimeters, filled with eutrophic Regolithic Neosol of sandy loam texture, in the municipality of Campina Grande-PB, Brazil. The statistical design was randomized blocks and the treatments resulted from the combination of five levels of irrigation water electrical conductivity -ECw (5.1, 6.1, 7.1, 8.1 and 9.1 dS m -1 ) and five N doses -ND (65; 100; 135; 170; 205 mg of N kg -1 of soil) in a 5 x 5 factorial scheme, with three replicates. The interaction between the saline levels of the irrigation water and the N doses did not influence significantly any of the analyzed variables. The gas exchanges and production components of the cotton cultivar 'BRS Rubi' were negatively affected by the ECw higher than 5.1 dS m -1 ; the CO 2 assimilation rate and total number of seeds per plant were the variables most sensitive to the effects of salt stress; N doses above 65 mg kg -1 led to decrease of stomatal conductance in the cotton crop.
INTRODUCTION
The herbaceous cotton (Gossypium hirsutum L.) stands out as one of the most important crops for the Brazilian agribusiness, for its volume and value of production, due to the generation of wealth, multiplicity of derivative products, utilization of its seeds in animal feed, in the form of cake, or in the production of edible oil of high added value, inserted in the group of bioenergetic products (JERÔNIMO et al., 2014) .
In Northeast Brazil, especially in semi-arid zones, cotton production is one of the agricultural activities of small-and medium-sized producers, due to its great economic and social potential (CAVALCANTE et al., 2015) . In this region, the occurrence of long drought periods and the irregularities of rainfalls make the practice of irrigation indispensable . In addition, the water sources available for irrigation in this region change according to the period of the year and in geographic terms, and the occurrence of water sources with high concentration of salts is common (BEZERRA et al., 2010) .
Irrigation using water with high contents of salts affects the biochemical, physiological and morphological processes of the plants, because it reduces the osmotic potential of the soil solution, restricting the availability of water and/or due to the excessive accumulation of ions in plant tissues, which can cause ionic toxicity, nutritional imbalance, or both (NEVES et al., 2009 ). However, these effects also depend on other factors, such as species, cultivar, phenological stage, types of salts, duration of salt stress, irrigation management and edaphoclimatic conditions (MUNNS; TESTER, 2008) .
Among the alternatives that can minimize the deleterious effects caused by high concentrations of salts on the plants, nitrogen (N) fertilization stands out . This dependence occurs due to the vital functions of N in the plant, being constituent of proteins, enzymes, coenzymes, nucleic acids, phytochromes and chlorophyll, besides affecting the rates of leaf initiation and expansion (BARHOUMI et al., 2010) . Additionally, this macronutrient can increase the capacity of osmotic adjustment of the plants to salinity (SILVA et al., 2008) .
Although cotton is considered as a crop tolerant to salinity (AYERS; WESTCOT, 1999) , there are few studies conducted and those that exist diverge with respect to the degree of tolerance of cultivars of cotton with naturally colored fibers. Thus, considering the possibility of varietal differences, it is of great importance to conduct studies that evaluate the interaction between water salinity and N doses in the colored-fiber cotton.
In this context, this study was conducted in order to evaluate gas exchanges and production components of the colored-fiber cotton, cv. 'BRS Rubi', as a function of irrigation with saline water and N doses.
MATERIAL AND METHODS
The experiment was carried out in drainage lysimeters under greenhouse conditions, at the Center of Technology and Natural Resources of the Federal University of Campina Grande (CTRN/UFCG), located in the municipality of Campina Grande-PB, Brazil, at the geographic coordinates of 7°15'18'' S, 35°52'28'' W and mean altitude of 550 m.
The experimental design was randomized blocks, in a 5 x 5 factorial scheme, with three replicates, and the treatments resulted from the combination of five levels of electrical conductivity of the irrigation water -ECw (5.1, 6.1, 7.1, 8.1 and 9.1 dS m -1 ) and five N doses -ND (65; 100; 135; 170; 205 mg of N kg -1 of soil), considering the recommendation of N fertilization (100 mg of N kg -1 of soil) of Novais et al. (1991) for pot experiments. The lowest ECw level used in this study correspond to the threshold salinity for the crop, according to Ayers & Westcot (1999) .
The experiment used 20-L drainage lysimeters (height of 35 cm, bottom diameter of 20 cm and upper opening of 31 cm) perforated at the bottom to allow drainage and connected to a 4-mmdiameter drain. The tip of the drain inside the lysimeter was involved with a nonwoven geotextile (Bidim OP 30) to avoid obstruction by soil material and, below each drain, a plastic bottle was placed to collect the drained water and allowed determination of water consumed by the plant.
The lysimeters were filled with a 0.5-kg layer of crushed stone, followed by 26 kg of a eutrophic Regolithic Neosol of sandy loam texture (layer of 0-20 cm), which had been properly pounded to break up clods, collected from the rural area of the municipality of Esperança-PB, whose chemical and physical attributes (Table 1) were determined according to the methodology proposed by Claessen (1997) . The present study evaluated the cotton cultivar 'BRS Rubi', because it is a genetic material indicated for the cultivation in the semi-arid region of Northeast Brazil. It is a cultivar with dark brown or reddish brown fiber, mean height of 1.10 m and cycle of 120 to 140 days. It has yield between 1,539 and 1,894 kg ha -1 , under rainfed conditions, in the Northeast region (EMBRAPA,2011) .
The irrigation waters were prepared using the salts NaCl, CaCl 2 .2H 2 O and MgCl 2 .6H 2 O, maintaining a proportion equivalent to 7:2:1 between Na + , Ca 2+ and Mg 2+ , respectively, adjusting the concentration of the public-supply water available in the municipality of Campina Grande-PB, considering the relationship between ECw and the concentration of salts (10*mmol c L -1 = ECw dS m -1 ), according to Richards (1954) . Before sowing, soil moisture was increased to container capacity using the respective saline waters, according to each treatment. After sowing, irrigation was daily performed by applying in each lysimeter the water volume to maintain the soil 1497 Gas exchanges... LIMA, G. S. et al close to container capacity. The applied volume was determined based on the water demand of the plants, estimated through the water balance: applied water volume minus the volume drained in the previous irrigation. Eight seeds of the cotton cultivar 'BRS Rubi' were planted in each lysimeter, at depth of 3.0 cm, equidistantly distributed. Thinning was performed at 15 and 25 days after sowing (DAS), to leave only one plant per lysimeter.
Phosphorus and potassium fertilizations were applied based on the recommendation of Novais et al. (1991) , by applying the equivalent to 300 mg of P 2 O 5 and 150 mg of K 2 O kg -1 of soil, using single superphosphate and potassium chloride. Urea was used as N source. Phosphorus was totally applied as basal dose. Potassium fertilizations and the different N doses were equally split, at 12, 28 and 42 and at 15, 30, 45 and 60 DAS, respectively.
Micronutrients were applied via foliar fertilizations, at 25, 40 and 55 DAS, applying 3 L of solution containing 2.5 g L -1 of Ubyfol [(N (15%); P 2 O 5 (15%); K 2 O (15%); Ca (1%); Mg (1.4%); S (2.7%); Zn (0.5%); B (0.05%); Fe (0.5%); Mn (0.05%); Cu (0.5%); Mo (0.02%)]. Phytosanitary control was performed preventively through the application of insecticides from the Neonicotinoid chemical group, fungicide from the triazole chemical group and acaricide from the abamectin chemical group.
The effects of the different saline levels of the irrigation water and N doses on the cotton cv. 'BRS Rubi' were evaluated at 60 DAS, based on the determination of gas exchanges, measured through stomatal conductance (gs), transpiration (E), CO 2 assimilation rate (A), internal CO 2 concentration (Ci), instantaneous carboxylation efficiency (EICI), instantaneous water use efficiency (WUE). The production components determined at harvest consisted of total number of seeds (TNS), mean boll weight (MBW) and fiber yield (FY) fruits were open. After this step, the bolls of each plot were weighed and the lint was manually removed to separate fiber from the seeds. Total number of seeds was obtained after counting the seeds, whereas mean boll weight was determined after removing the seeds, using a scale with precision of 0.01 g. Fiber yield was measured considering the methodology described by Albrecht et al. (2009) , according to Eq 2:
where: FY = Fiber yield (%), FM= Fiber mass (g plant -1 ); TM = Total mass of seed cotton (g plant -1 ). The obtained data were evaluated through analysis of variance by F test at 0.05 and 0.01 probability levels and, in cases of significance, linear and quadratic polynomial regression analyses were applied, using the statistical software SISVAR-ESAL (FERREIRA, 2011) .
RESULTS AND DISCUSSION
According to the summary of the analysis of variance (Table 2) , the different saline levels of the irrigation water (SL) promoted significant increases in all variables of gas exchanges (gs, E, A, Ci, EICI and WUE) of the cotton crop, cv. 'BRS Rubi'. However, the studied N doses significantly influenced only the CO 2 assimilation rate, while the interaction between factors (SL x ND) did not affect any variable significantly.
The stomatal conductance was significantly affected (p<0.01) by the increase in ECw levels and, according to the regression equation (Figure 1A) , the data adjusted best to the quadratic model and the highest (0. This reduction observed in gs ( Figure 1A ) is partially related to the decrease in the osmotic potential of the soil solution, caused by the excess of soluble salts in the root zone, and to the ionic effect, caused by the accumulation of ions in the plant tissues (MUNNS; TESTER, 2008) . When it occurs, gs limits the inflow of CO 2 to the leaves (DALLAGNOL et al., 2011) and, consequently, there is a reduction in the CO 2 assimilation rate, through the decrease in the CO 2 partial pressure in the intercellular spaces (SHIMAZAKI; YAMAGUCHI-SHINOZAKI, 2007). The stomatal conductance of 'BRS Rubi' cotton was also negatively affected (p<0.01) by the fertilization with N doses and, based on the regression equation (Figure 1B) This may have been a consequence of the release of malate from the guard cells, causing the efflux of K + and, consequently, stomatal closure (SHIMAZAKI et al., 2007) , promoting an increment in the resistance to CO 2 diffusion. Melo et al. (2009) , evaluating the effects of N and K levels, by fertigation, on the physiological characteristics of banana, cultivar 'Prata-Anã', also observed that the excess of N caused negative effects on stomatal conductance.
The transpiration of 'BRS Rubi' cotton significantly (p<0.01) decreased with the increment in the saline levels of the irrigation water and the regression equation (Figure 2A ) showed linear reduction of 7.08% per unit increase in ECw. Comparing the transpiration of plants irrigated with ECw of 5.1 dS m -1 in relation to those subjected to ECw of 9.1 dS m -1 , there was a decrease of 44.34% in E (0.90 mmol of H 2 O m -2 s -1 ). This reduction in transpiration caused by the increase in ECw was probably due to the stomatal limitation ( Figure 1A ), which is a defense strategy of the plant to minimize 1499 Gas exchanges... LIMA, G. S. et al the excessive dehydration or a consequence of the water imbalance in the epidermis of the leaves, because E is closely related to stomatal opening, since they offer resistance to water diffusion from inside the leaf to the atmosphere (RIBEIRO et al., 2009 ) and, consequently, it becomes a limiting factor for CO 2 assimilation rate ( Figure 2B ). Lima et al. (2015) , evaluating the water relations and gas exchanges of castor bean under salinity and cationic nature of the irrigation water (ECw from 0.6 to 4.5 dS m -1 ), also observed that the E of castor bean, cv. 'BRS Energia', was negatively affected by the increment in ECw.
Figure 2.
Transpiration -E (A) and CO 2 assimilation rate -A of cotton, cv. 'BRS Rubi', as a function of the electrical conductivity of the irrigation water -ECw, at 60 days after sowing.
The CO 2 assimilation rate of 'BRS Rubi' cotton decreased (p<0.01) linearly with the increment in the saline levels of the irrigation water. According to the regression model ( Figure 2B ), as observed for gs ( Figure 1A ) and E (Figure 2A) , the highest capacity of CO 2 assimilation (9.35 µmol m -2 s -1 ) was found in cotton plants irrigated with ECw of 5.1 dS m -1 . However, plants subjected to the highest saline level (9.1 dS m -1 ) exhibited a substantial reduction in this variable, with minimum value of 3.42 µmol m -2 s -1 , resulting in a decrease of 63.39% in CO 2 assimilation rate, in relation to plants irrigated with the threshold saline level for the crop (5.1 dS m -1 ). The sharp reduction in CO 2 assimilation rate is possibly a reflex of the decrease in gs ( Figure 1A ) and in transpiration (Figure 2A ) and the increase in the internal CO 2 concentration ( Figure 3A) , demonstrating low use efficiency of the CO 2 that entered the cell, which may have been promoted by the lower CO 2 inflow in the substomatal chamber to perform photosynthesis (TAIZ; ZEIGER, 2009). Reduction in CO 2 assimilation rate has also been reported in jatropha (SOUSA et al., 2012) and castor bean .
Contrary to results for gs ( Figure 1A ), E ( Figure 2A) and A ( Figure 2B ), the increasing levels of ECw have an increasing and linear effect on the internal CO 2 concentration of 'BRS Rubi' cotton, and the regression equation ( Figure 3A) demonstrates an increment in Ci of 11.59% per unit increase in ECw, i.e., plants irrigated with water of high salinity (9.1 dS m -1 ) showed an increment in Ci of 85 µmol m -2 s -1 in relation to those irrigated with water of 5.1 dS m -1 . This increase in Ci may be related to the low values of water potential in the leaf, which occur due to the reduction in gs ( Figure  1A) , caused by the decrease in the osmotic potential of the solution, besides the reduction in the activity of enzymes involved in the process of CO 2 fixation, because under salt stress conditions the increase in CO 2 indicates that it is not being used for the synthesis of sugars during the photosynthesis, with consequent accumulation of this gas, suggesting the interference of a non-stomatal factor in this process, which may result in damages to the photosynthetic apparatus of the plants (FREIRE et al., 2014) .
Maintaining the same trend observed for gs ( Figure 1A) and A ( Figure 2B ), the saline levels of the irrigation water also negatively interfered (p<0.01) with the instantaneous carboxylation efficiency of 'BRS Rubi' cotton. Based on the regression equation, the effects of the different saline levels were more accentuated on plants irrigated using water with ECw of 9.1 dS m -1 and the highest EICI of 0.037 [(µmol m -2 s -1 ) (µmol mol The expressive reduction in EICI observed in cotton plants, cv. 'BRS Rubi', subjected to high ECw levels, suggests that it is probably a reflex of the low rates of CO 2 assimilation ( Figure 2B ), in relation to the CO 2 found in the substomatal chamber ( Figure 3A) , because, if the internal CO 2 concentration increases and there is a decrease in CO 2 consumption in the chloroplasts, due to the reduction in photosynthetic activity, the EICI ratio will also be reduced (SILVA et al., 2015) . In addition, the entry of CO 2 into the leaf mesophyll may have decreased due to the reduction in gs, but the consumption of CO 2 in the chloroplast may have been reduced as well (SUASSUNA et al., 2014) .
Similar to EICI (Figure 3B ), the instantaneous water use efficiency of 'BRS Rubi' cotton was also significantly (p<0.05) influenced by the irrigation with increasing ECw levels and the data fitted best to the quadratic model ( Figure 3C -1 can be related to the alteration in the CO 2 assimilation rates and leaf transpiration, which possibly occurred due to the low water availability in the soil causing stomatal closure ( Figure 1A ) and, consequently, reduced leaf transpiration ( Figure 2A ) and CO 2 assimilation rate ( Figure  2B ), directly affecting WUE ( WILLADINO; CAMARA, 2004) .
According to the summary of the analysis of variance (Table 3) , there was significant effect of the saline levels of the irrigation water on the total number of seeds (TNS), mean boll weight (MBW) Gas exchanges... LIMA, G. S. et al and fiber yield (FY). Regarding the N doses, and the interaction between the studied factors (SL x ND), there was no significant effect on any of the evaluated variables. ns, **, * respectively, not significant, significant at p < 0.01 and p < 0.05.
The total number of cotton seeds was significantly affected (p<0.01) by the irrigation with different ECw levels and, according to the regression equation ( Figure 4A ). there was a reduction, with the lowest value (13.47 seeds) observed in cotton plants subjected to irrigation with ECw of 9.1 dS m -1 . This harmful effect occurred because the increase in salinity, resulting from the application of the irrigation water, certainly decreased the osmotic potential of the soil solution, promoting increase in the tension necessary for the plant to absorb water from the soil, because its water potential becomes more negative. As a consequence, the plant had more difficulty using this water, which is not readily available, despite its presence in the soil (SOUSA et al., 2011) , directly affecting the production of the cotton cultivar 'BRS Rubi'. In studies with the cotton cultivar 'Delta Opal', Oliveira et al. (2012) conducted experiment under greenhouse conditions (ECw: 0.5 to 6.5 dS m -1 ) and also observed quadratic behavior of ECw on the total number of seeds, reporting that the lowest value for this variable (6.53 seeds) was obtained at the highest water salinity level (6.5 dS m -1 ). The different ECw levels negatively interfered with the mean boll weight of the cotton cultivar 'BRS Rubi'. According to the regression equation (Figure 4B ), there was a decreasing linear effect, with reduction in MBW of the order of 6.85% per unit increase in irrigation water electrical conductivity, which corresponds to a reduction of 42.12% (0.81 g plant -1 ) in plants irrigated with ECw of 9.1 dS m -1 , in relation to those under 5.1 dS m -1 . Comparing the deleterious effects caused by irrigation water salinity on the studied production components, in relative terms, the TNS was the variable most affected by the increment in ECw.
The fiber yield of the cotton cultivar 'BRS Rubi', according to the regression equation ( Figure  4C ), was linearly and negatively affected by the levels of salinity of water (p<0.01), with reduction of 5.26% per unit increase in ECw. The regression equation ( Figure 4C ) also indicates that cotton plants subjected to irrigation using water of highest ECw (9.1 dS m -1 ) exhibit a reduction of 28.10% in FY, compared with that under ECw level of 5.1 dS m -1 . Similar results were also reported by Oliveira et al. (2012) , who studied the cotton cultivar 'Delta Opal' and observed that the higher the irrigation water salinity, the lower the yield in fibers.
CONCLUSIONS
The gas exchanges and production components of cotton, cv. 'BRS Rubi', are negatively affected by irrigation with saline waters with electrical conductivity higher than 5.1 dS m -1 ; Among the studied variables, the CO 2 assimilation rate and the total number of seeds per plant are the variables most sensitive to the effect of irrigation water salinity;
Nitrogen levels above 65 mg kg -1 of soil promoted decrease in the stomatal conductance of the cotton crop;
The interaction between the irrigation water salinity and the nitrogen doses did not influence any of the analyzed variables.
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RESUMO:
Conduziu-se esta pesquisa com o objetivo de avaliar, as trocas gasosas e os componentes de produção do algodoeiro de fibra colorida em função da irrigação com águas de diferentes níveis de salinidades e doses de nitrogênio. O experimento foi desenvolvido em lisímetros de drenagem, preenchidos com um Neossolo Regolítico Eutrófico de textura franco-arenosa, no município de Campina Grande, PB. O delineamento estatístico utilizado foi em blocos casualizados, cujos tratamentos resultaram da combinação de cinco níveis de condutividade elétrica da água de irrigação -CEa (5,1; 6,1; 7,1; 8,1 e 9,1 dS m -1 ) e cinco doses de nitrogênio -DN (65; 100; 135; 170; 205 mg de N kg -1 de solo) em esquema fatorial 5x5, com três repetições. A interação entre os níveis salinos da água de irrigação e as doses de nitrogênio não influenciaram de forma significativa nenhuma das variáveis analisadas; as trocas gasosas e os componentes de produção do algodoeiro cv. BRS Rubi foram afetadas negativamente pela CEa superior a 5,1 dS m -1 ; a taxa de assimilação de CO 2 e o número total de sementes por planta foram as variáveis mais sensíveis aos efeitos do estresse salino; doses de nitrogênio acima de 65 mg kg -1 promoveu diminuição na condutância estomática do algodoeiro.
